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(57) Abstract: Provided is a steering system for a vehicle that can suppress the discomfort of a driver in a case where the driver
performs a quick steering operation. The steering system for the vehicle includes: a steering mechanism mechanically separated from a
steering member and configured to steer wheels by moving a rack; a steering actuator configured to apply a driving force to the steering
mechanism; and a controller configured to calculate a target position of the rack and to control the steering actuator such that a position
of the rack matches the target position thereof. The controller is configured to execute target position correction control in which the
controller corrects the target position of the rack according to a steering angular velocity and/or a steering angular acceleration of the

steering member.
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Description

Title of Invention: STEERING SYSTEM FOR VEHICLE
Technical Field

The present invention relates to a steering system for a vehicle.
Background Art

Conventionally, there is a steer-by-wire steering system including a steering member
configured to receive a steering operation and a steering mechanism mechanically
separated from the steering member and configured to steer wheels by moving a rack.

For example, Patent Literature 1 discloses a steering system for a vehicle including a
steering mechanism configured to change the direction of steerable wheels and a
steering means supported by a static member without being mechanically connected to

the steering mechanism.
Citation List
Patent Literature
[Patent Literature 1] JP2002-225733A
Summary of Invention

Technical Problem

In a steering system in which the steering member and the steering mechanism are
mechanically connected, the torque generated by the steering operation is transmitted
to the rack of the steering mechanism via a shaft of the steering member. At this time,
the shaft of the steering member is twisted, so that the movement of the rack is delayed
with respect to the steering operation. By contrast, in a steer-by-wire steering system,
the torque generated by the steering operation is transmitted to the rack of the steering
mechanism via an electric signal. Accordingly, the movement of the rack is less likely
to be delayed with respect to the steering operation as compared with the steering
system in which the steering member and the steering mechanism are mechanically
connected.

However, if the movement of the rack is too responsive to the steering operation, the
wheels may be rapidly steered immediately after a quick steering operation by a driver,
which may cause the discomfort of the driver.

In view of the above background, an object of the present invention is to provide a
steering system for a vehicle that can suppress the discomfort of the driver in a case
where the driver performs a quick steering operation.

Solution of Problem

To achieve such an object, one aspect of the present invention provides a steering

system (1) for a vehicle (2), including: a steering member (10) configured to receive a
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steering operation; a steering angle sensor (32) configured to detect a steering angle of
the steering member; a steering mechanism (11) mechanically separated from the
steering member and configured to steer wheels (3) by moving a rack (26); a steering
actuator (12) configured to apply a driving force to the steering mechanism; a rack
position sensor (33) configured to detect a position of the rack; and a controller (15)
configured to calculate a target position of the rack based on the steering angle of the
steering member and to control the steering actuator such that the position of the rack
detected by the rack position sensor matches the target position of the rack, wherein
the controller is configured to execute target position correction control in which the
controller corrects the target position of the rack according to a steering angular
velocity and/or a steering angular acceleration of the steering member to delay a
movement of the rack in response to a change in the steering angle of the steering
member.

According to this aspect, in a case where the steering angular velocity and/or the
steering angular acceleration of the steering member increase according to a quick
steering operation by a driver, the target position of the rack is corrected, so that the
movement of the rack in response to the change in the steering angle of the steering
member can be delayed. Accordingly, it is possible to prevent the wheels from being
rapidly steered immediately after the quick steering operation, so that the discomfort of
the driver can be suppressed.

In the above aspect, preferably, in the target position correction control, the controller
corrects the target position of the rack immediately after a start of the steering
operation in a prescribed direction.

In general, the steering angular velocity and/or the steering angular acceleration of
the steering member are likely to increase immediately after the start of the steering
operation in the prescribed direction. Considering such likelihood, the target position
of the rack is corrected immediately after the start of the steering operation in the
prescribed direction. Accordingly, it is possible to surely prevent the wheels from
being rapidly steered immediately after the quick steering operation, so that the
discomfort of the driver can be suppressed effectively.

In the above aspect, preferably, the steering operation includes a turning operation as
an operation in a direction away from a prescribed neutral position and a returning
operation as an operation in a direction of the neutral position, and in the target
position correction control, the controller corrects the target position of the rack im-
mediately after a start of the returning operation.

In general, the driver is more likely to be careless and thus the steering angular
velocity and/or the steering angular acceleration of the steering member are more

likely to increase excessively during the performance of the returning operation than
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during the performance of the turning operation. Considering such likelihood, the
target position of the rack is corrected immediately after the start of the returning
operation. Accordingly, it is possible to prevent the wheels from being rapidly steered
immediately after an excessively quick steering operation, so that the discomfort of the
driver can be suppressed effectively.

In the above aspect, preferably, in the target position correction control, the controller
prohibits correction of the target position of the rack during performance of the turning
operation.

In general, the driver is more likely to be careful and thus the steering angular
velocity and/or the steering angular acceleration of the steering member are more
unlikely to increase excessively during the performance of the turning operation than
during the performance of the returning operation. Considering such unlikelihood, the
correction of the target position of the rack is prohibited during the performance of the
turning operation, so that the responsiveness of the movement of the rack to the
steering operation can be prevented from being unnecessarily deteriorated.

In the above aspect, preferably, in the target position correction control, the controller
calculates the target position of the rack according to the steering angle of the steering
member, calculates a correction amount of the target position of the rack according to
the steering angular acceleration of the steering member, and corrects the target
position of the rack by adding the correction amount to the target position of the rack.

According to this aspect, by calculating the correction amount according to the
steering angular acceleration of the steering member, it is possible to calculate an ap-
propriate correction amount according to a change in the steering angular velocity of
the steering member.

In the above aspect, preferably, the controller calculates the correction amount such
that the correction amount increases as the steering angular acceleration of the steering
member increases.

According to this aspect, the correction amount increases as the quickness of the
steering operation increases, so that the delay in the movement of the rack can also
increase. Accordingly, it is possible to surely prevent the wheels from being rapidly
steered immediately after the quick steering operation, so that the discomfort of the
driver can be suppressed effectively.

In the above aspect, preferably, the controller limits the correction amount to a
prescribed upper limit or less.

If the correction amount increases indefinitely, the delay in the movement of the rack
may become excessively large, and it may become impossible to determine whether
the delay in the movement of the rack is caused by the target position correction

control or an abnormality of the steering system. By contrast, if the correction amount
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is limited to the upper limit or less, it can be easily determined that the steering system
is abnormal as soon as the correction amount exceeds the upper limit. Accordingly, it
is unnecessary to require excessively high reliability of the components (sensors, or the

like) of the steering system.
In the above aspect, preferably, the steering member is configured to be steered in a

direction away from a prescribed neutral position or in a direction of the neutral
position, and the controller is configured to set the upper limit based on a steering
direction of the steering member, the steering angle of the steering member, and a
vehicle speed.

According to this aspect, the upper limit can be set to an appropriate value according
to the traveling state of the vehicle.

In the above aspect, preferably, the controller is configured to switch between a non-
execution mode in which the controller does not execute the target position correction
control in response to the steering operation and an execution mode in which the
controller executes the target position correction control in response to the steering
operation.

According to this aspect, it is possible to determine whether to execute the target
position correction control in response to the steering operation depending on the
preference of the driver, the traveling state of the vehicle, or the like. Accordingly, the
convenience of the steering system is improved.

In the above aspect, preferably, the controller is configured to execute the target
position correction control in response to every steering operation.

According to this aspect, since the wheels can be surely prevented from being rapidly
steered immediately after the quick steering operation, so that the discomfort of the

driver can be suppressed more surely.
Advantageous Effects of Invention

Thus, according to the above aspects, it is possible to suppress the discomfort of the
driver in a case where the driver performs a quick steering operation.
Brief Description of Drawings

[Fig. 1] a schematic diagram showing a steering system according to an embodiment
of the present invention

[Fig. 2] a block diagram showing a steering controller according to the embodiment
of the present invention

[Fig. 3] a schematic diagram showing a correction amount calculation map according
to the embodiment of the present invention

[Fig. 4] a graph showing a relationship between a steering angle and a rack position

in a case where a steering operation is performed in a non-execution mode according to
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the embodiment of the present invention
[Fig. 5] a graph showing a relationship between the steering angle and the rack
position in a case where a normal operation is performed in an execution mode
according to the embodiment of the present invention
[Fig. 6] a graph showing a relationship between the steering angle and the rack
position in a case where a quick operation is performed in the execution mode
according to the embodiment of the present invention
[Fig. 7] a graph showing a relationship between the steering angle and the rack
position in a case where a further quick operation is performed in the execution mode
according to the embodiment of the present invention
[Fig. 8] a graph showing a relationship between the steering angle and a steering
angular acceleration during performance of a turning operation according to the em-
bodiment of the present invention
[Fig. 9] a graph showing a relationship between the steering angle and the steering
angular acceleration during performance of a returning operation according to the em-
bodiment of the present invention
[Fig. 10] a schematic diagram showing a steering model according to another em-
bodiment of the present invention
Description of Embodiments
In the following, a steering system 1 for a vehicle 2 according to an embodiment of
the present invention will be described. As shown in Figure 1, the steering system 1
consists of a steer-by-wire (SBW) steering system. The vehicle 2 provided with the
steering system 1 is a four-wheeled vehicle including left and right front wheels 3 and
left and right rear wheels (not shown in the drawings). The left and right front wheels 3
are supported by a vehicle body 8 (only the outline of a lower part thereof is shown in
Figure 1) via respective knuckles 7 so that the turning angle of the front wheels 3 can
be changed, and the front wheels 3 thus serve as steerable wheels. The turning angle
refers to the angle of the front wheels 3 with respect to the front-and-rear direction in a
plan view. The steering system 1 thus changes the turning angle of the front wheels 3.
The steering system 1 includes a steering member 10 rotatably provided on the
vehicle body 8, a steering mechanism 11 configured to steer the front wheels 3, a
steering actuator 12 configured to apply a driving force to the steering mechanism 11,
a reaction force actuator 13 configured to apply a reaction torque to the steering
member 10, and a steering controller 15 configured to control the reaction force
actuator 13 and the steering actuator 12. The steering system 1 may be a redundant
system that includes a plurality of steering actuators 12, a plurality of reaction force

actuators 13, and a plurality of steering controllers 15.
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The steering member 10 is configured to receive a steering operation by a driver. The
steering member 10 includes a steering shaft 18 rotatably supported by the vehicle
body 8 and a steering wheel 19 provided at an end of the steering shaft 18. The steering
shaft 18 is rotatably supported by a steering column (not shown in the drawings)
provided on the vehicle body 8, and has a rear end projecting rearward from the
steering column. The steering wheel 19 is connected to the rear end of the steering
shaft 18 so as to rotate integrally with the steering shaft 18.

The reaction force actuator 13 consists of an electric motor, and is connected to the
steering shaft 18 via a gear mechanism. When the reaction force actuator 13 is driven,
the driving force thereof is transmitted to the steering shaft 18 as a rotational force. The
reaction force actuator 13 is configured to rotate and thus to apply torque to the
steering member 10. The torque the reaction force actuator 13 applies to the steering
member 10 in response to the steering operation is called "reaction torque".

The steering mechanism 11 includes a rack 26 extending in the vehicle width
direction. The rack 26 is supported by a gear housing (not shown in the drawings) such
that the rack 26 is movable in the vehicle width direction. The left and right ends of the
rack 26 are connected to knuckles 7 that respectively support the left and right front
wheels 3 via tie rods 30. As the rack 26 moves in the vehicle width direction from a
prescribed reference position (a position where the direction of the left and right front
wheels 3 are parallel to the front-and-rear direction: see Fig. 1), the turning angle of the
front wheels 3 changes. The steering mechanism 11 is mechanically separated from the
steering member 10.

The steering actuator 12 consists of an electric motor. The steering actuator 12 moves
the rack 26 in the vehicle width direction based on a signal from the steering controller
15, thereby changing the turning angle of the left and right front wheels 3.

The steering controller 15 consists of an electronic control unit (ECU) including a
CPU, a storage unit, and the like. The CPU is configured to control each part of the
steering system 1 based on the program and data stored in the storage unit.

The steering controller 15 is connected to a steering angle sensor 32. The steering
angle sensor 32 is configured to detect a rotation angle (hereinafter referred to as "the
steering angle 0") of the steering member 10 with respect to a prescribed neutral
position and to output the steering angle O to the steering controller 15. In the present
embodiment, the steering angle 0 is O when the steering member 10 is in the neutral
position, the steering angle 0 increases from O as the steering member 10 is steered to
the right from the neutral position, and the steering angle 0 decreases from O as the
steering member 10 is steered to the left from the neutral position. However, in another
embodiment, the steering angle 0 may increase from 0O as the steering member 10 is

steered to the left from the neutral position, and the steering angle 0 may decrease from
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0 as the steering member 10 is steered to the right from the neutral position.

The steering controller 15 is connected to a rack position sensor 33. The rack
position sensor 33 is configured to detect a position (hereinafter referred to as "the rack
position P") of the rack 26 in the vehicle width direction and to output the rack position
P to the steering controller 15.

The steering controller 15 is connected to a vehicle speed sensor 34. The vehicle
speed sensor 34 is configured to detect a speed (hereinafter referred to as "the vehicle
speed V") of the vehicle 2 and to output the vehicle speed V to the steering controller
15.

(Target position correction control)

The steering controller 15 is configured to execute target position correction control
in which the steering controller 15 corrects a target position T1 of the rack 26
according to a steering angular acceleration. For example, the target position correction
control is periodically executed in a state where an ignition switch of the vehicle 2 is
turned on (in a state where the steering system 1 is in operation). In the following, the
target position correction control in a case where the steering angle O is larger than O
(namely, in a case where the steering member 10 is steered to the right from the neutral
position) will be described, and the description of the target position correction control
in a case where the steering angle 0 is smaller than O (namely, in a case where the
steering member 10 is steered to the left from the neutral position) will be omitted.

With reference to Figure 2, the steering controller 15 includes a target position cal-
culating unit 41, a steering angular velocity calculating unit 42, a steering direction de-
termining unit 43, a steering angular acceleration calculating unit 44, a low-pass filter
unit (LPF unit) 45, a correction amount calculating unit 46, a correction amount
limiting unit 47, and a target position correcting unit 48, which are functional elements
for executing the target position correction control.

The target position calculating unit 41 of the steering controller 15 calculates a target
position T1 of the rack 26 based on the steering angle 0 and the vehicle speed V (V1,
V2, ...). More specifically, the target position calculating unit 41 calculates the target
position T1 by multiplying the steering angle 0 by a reference gear ratio corresponding
to the vehicle speed V. For example, the reference gear ratio is set to decrease as the
vehicle speed V increases.

The steering angular velocity calculating unit 42 of the steering controller 15
calculates a steering angular velocity w by differentiating the steering angle 0 with
respect to time. Incidentally, the steering angular velocity calculating unit 42 may
apply a low-pass filter process to the calculated steering angular velocity w, thereby
removing noise (more specifically, noise generated by a differential calculation) in the

steering angular velocity .
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The steering direction determining unit 43 of the steering controller 15 determines
the direction (hereinafter referred to as "the steering direction Dr") of the steering
operation based on the steering angle 0 and the steering angular velocity .

For example, in a case where the steering angle O is larger than O and the steering
angular velocity w is larger than 0, it can be estimated that the steering member 10 is
on the right side of the neutral position and that the steering member 10 is being
steered from the left side to the right side. In such a case, the steering direction de-
termining unit 43 determines that the steering direction Dr is a direction away from the
neutral position. In the following, the steering operation in the direction away from the
neutral position is referred to as "the turning operation”.

For example, in a case where the steering angle O is larger than O and the steering
angular velocity m is smaller than 0, it can be estimated that the steering member 10 is
on the right side of the neutral position and that the steering member 10 is being
steered from the right side to the left side. In such a case, the steering controller 15 de-
termines that the steering direction Dr is a direction of the neutral position. In the
following, the steering operation in the direction of the neutral position is referred to as
"the returning operation".

The steering angular acceleration calculating unit 44 of the steering controller 15
calculates a steering angular acceleration a1 by differentiating the steering angular
velocity o with respect to time.

The LPF unit 45 of the steering controller 15 applies a low-pass filter process to the
steering angular acceleration al, thereby removing noise (more specifically, noise
generated by a differential calculation) in the steering angular acceleration ol.
Thereby, the LPF unit 45 generates a steering angular acceleration a2 from which the
noise is removed.

The correction amount calculating unit 46 of the steering controller 15 calculates a
correction amount C of the target position T1 based on the steering angle 0, the
steering angular acceleration a2, and the vehicle speed V. For example, the correction
amount calculating unit 46 calculates the correction amount C by referring to a
correction amount calculation map (see Figure 3) based on the steering angle 0, the
steering angular acceleration a2, and the vehicle speed V. The correction amount cal-
culation map is a three-dimensional control map that defines the relationship of the
steering angle O, the steering angular acceleration a2, and the vehicle speed V with the
correction amount C. In the correction amount calculation map, if the steering angular
acceleration a2 is 0, the corresponding correction amount C is set to 0. By contrast, in
the correction amount calculation map, if the steering angular acceleration a2 is not 0,
the corresponding correction amount C is set to a value larger than 0 according to the

steering angular acceleration a2. For example, in the correction amount calculation
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map, the correction amount C increases as the steering angular acceleration a2
increases.

The correction amount limiting unit 47 of the steering controller 15 sets an upper
limit Lim based on the steering direction Dr, the steering angle 0, and the vehicle speed
V. For example, in a case where the steering direction Dr is the direction away from
the neutral position (namely, in a case where the steering operation is the turning
operation), the correction amount limiting unit 47 sets the upper limit Lim to 0.
Further, in a case where the steering angle 0O is less than a prescribed reference angle
Or, the correction amount limiting unit 47 sets the upper limit Lim to 0. By contrast, in
a case where the steering direction Dr is a direction of the neutral position (namely, the
steering operation is the returning operation) and the steering angle 0 is equal to or
more than the reference angle Or, the correction amount limiting unit 47 sets the upper
limit Lim (Lim > 0) according to the vehicle speed V.

The correction amount limiting unit 47 of the steering controller 15 compares the
correction amount C with the upper limit Lim. In a case where the correction amount C
is equal to or less than the upper limit Lim, the correction amount limiting unit 47
outputs the correction amount C as it is. On the other hand, in a case where the
correction amount C exceeds the upper limit Lim, the correction amount limiting unit
47 outputs the correction amount C after reducing the correction amount C to the upper
limit Lim. In this way, the correction amount limiting unit 47 limits the correction
amount C to the upper limit Lim or less. Incidentally, in a case where 0 is set to the
upper limit Lim as described above (namely, in a case where the steering operation is
the turning operation or in a case where the steering angle 0 is less than the reference
angle Or), the correction amount limiting unit 47 outputs O instead of the correction
amount C.

The target position correcting unit 48 of the steering controller 15 determines
whether O or the correction amount C is output from the correction amount limiting
unit 47. In a case where O is output from the correction amount limiting unit 47, the
target position correcting unit 48 outputs the target position T1 as it is without
correcting the target position T1. By contrast, in a case where the correction amount C
is output from the correction amount limiting unit 47, the target position correcting unit
48 corrects the target position T1 by adding the correction amount C to the target
position T1, and thus outputs a corrected target position T2. Thereby, the target
position correction control is completed.

(Execution mode and non-execution mode)

The steering controller 15 is configured to switch between a non-execution mode in
which the steering controller 15 does not execute the target position correction control

in response to the steering operation and an execution mode in which the steering
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controller 15 executes the target position correction control in response to the steering
operation. For example, the steering controller 15 may switch between the non-
execution mode and the execution mode according to an operation by the driver or a
traveling state of the vehicle 2.

Figure 4 shows a relationship between the steering angle 0 and the rack position P in
a case where the steering operation is performed in the non-execution mode. During
the non-execution mode, the steering controller 15 controls the steering actuator 12
such that the rack position P matches the target position T1. Practically, the rack
position P is slightly delayed with respect to the target position T1 according to the
delayed time from the output of the target position T1 to the movement of the rack 26.

Figures 5, 6, and 7 show relationships between the steering angle 0 and the rack
position P in a case where a normal operation, a quick operation, and a further quick
operation are performed in the execution mode, respectively. During the execution
mode, the steering controller 15 controls the steering actuator 12 such that the rack
position P matches the target position T1 or T2. Practically, the rack position P is
slightly delayed with respect to the target position T1 or T2 according to the delayed
time from the output of the target position T1 or T2 to the movement of the rack 26.

With reference to Figure 8, when the turning operation is performed in the execution
mode, the steering angular acceleration is generated according to the quickness of the
turning operation immediately after the start of the turning operation and immediately
before the end of the turning operation. Accordingly, the correction amount calculating
unit 46 calculates the correction amount C according to the steering angular ac-
celeration, and outputs the correction amount C to the correction amount limiting unit
47. As described above, in a case where the steering operation is the turning operation,
the correction amount limiting unit 47 outputs O instead of the correction amount C. In
a case where 0 is output from the correction amount limiting unit 47, the target position
correcting unit 48 outputs the target position T1 as it is without correcting the target
position T1.

As described above, even if the turning operation is performed in the execution
mode, the target position T1 is not corrected. Accordingly, regarding the turning
operation, the rack position P in the execution mode (see Figures 5 to 7) matches the
rack position P in the non-execution mode (see Figure 4).

With reference to Figure 9, when the returning operation is performed in the
execution mode, the steering angular acceleration is generated according to the
quickness of the returning operation immediately after the start of the returning
operation and immediately before the end of the returning operation. Accordingly, the
correction amount calculating unit 46 calculates the correction amount C according to

the steering angular acceleration, and outputs the correction amount C to the correction
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amount limiting unit 47.

Immediately after the start of the returning operation, the steering angle 0 is equal to
or more than the reference angle Or. Accordingly, the correction amount limiting unit
47 outputs the correction amount C as it is in a case where the correction amount C is
equal to or less than the upper limit Lim, and the correction amount limiting unit 47
outputs the correction amount C after reducing the correction amount C to the upper
limit Lim in a case where the correction amount C exceeds the upper limit Lim. In a
case where the correction amount C is output from the correction amount limiting unit
47, the target position correcting unit 48 corrects the target position T1 by adding the
correction amount C to the target position T1, and outputs the corrected target position
T2.

Immediately before the end of the returning operation, the steering angle 0 is less
than the reference angle Or. As described above, in a case where the steering angle 0 is
less than the reference angle Or, the correction amount limiting unit 47 outputs O
instead of the correction amount C. In a case where 0 is output from the correction
amount limiting unit 47, the target position correcting unit 48 outputs the target
position T1 as it is without correcting the target position T1.

As described above, when the returning operation is performed in the execution
mode, the target position T1 is corrected immediately after the start of the returning
operation. Accordingly, regarding the returning operation, the trajectory of the rack
position P in the execution mode (see Figures 5 to 7) is shifted from the trajectory of
the rack position P in the non-execution mode (see Figure 4). Accordingly, the
movement of the rack 26 in the execution mode is delayed with respect to the
movement of the rack 26 in the non-execution mode.

Immediately after the start of the returning operation in the execution mode, the
correction amount C of the target position T1 increases as the quickness of the steering
operation increases (see Figures 5 to 7). However, in a case where the correction
amount C of the target position T1 exceeds the upper limit Lim, the correction amount
C of the target position T1 is limited to the upper limit Lim or less (see Figure 7).

By the way, the steering operation may be switched from the returning operation to
the turning operation while the target position T1 of the rack 26 is being corrected
(namely, when the correction amount C is not 0). In such a case, it is preferable to
gradually decrease the correction amount C to O while moving the rack 26, rather than
to immediately decrease the correct amount C to 0 or to decrease the correct amount C
without moving the rack 26. The way how the correction amount C gradually
decreases in such a case may be analogous with the way how the correction amount C
gradually increases immediately after the start of the returning operation. The de-

creasing rate of the correction amount C may be a function of the intensity(quickness)
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[0064]

[0065]

[0066]

[0067]

[0068]

of the steering operation. For example, the quicker the steering operation is, the greater
the decreasing rate of the correction amount C becomes.

Further, a gain of the turning operation may be distinguished from a gain of the
returning operation. Also, the upper limit Lim may be suddenly changed in a state
where the correction amount C reaches the upper limit Lim. In these cases, it is
preferable to limit the changing rate of the correction amount C to a prescribed rate or
less.

(Effect)

As described above, the steering controller 15 executes the target position correction
control in which the steering controller 15 corrects the target position T1 of the rack 26
according to the steering angular acceleration. Thus, in a case where the steering
angular acceleration increases according to the quick steering operation by the driver,
the target position T1 of the rack 26 is corrected, so that the movement of the rack 26
in response to the change in the steering angle 0 can be delayed. Accordingly, it is
possible to prevent the front wheels 3 from being rapidly steered immediately after the
quick steering operation, so that the discomfort of the driver can be suppressed.

In general, the steering angular velocity and/or the steering angular acceleration of
the steering member 10 are likely to increase immediately after the start of the steering
operation in a prescribed direction. Considering such likelihood, in the target position
correction control, the steering controller 15 corrects the target position T1 of the rack
26 immediately after the start of the steering operation in the prescribed direction. Ac-
cordingly, it is possible to surely prevent the front wheels 3 from being rapidly steered
immediately after the quick steering operation, so that the discomfort of the driver can
be suppressed effectively.

In general, the driver is more likely to be careless and thus the steering angular
velocity and/or the steering angular acceleration of the steering member 10 are more
likely to increase excessively during the performance of the returning operation than
during the performance of the turning operation. Considering such likelihood, in the
target position correction control, the steering controller 15 corrects the target position
T1 of the rack 26 immediately after the start of the returning operation. Accordingly, it
is possible to prevent the front wheels 3 from being rapidly steered immediately after
an excessively quick steering operation, so that the discomfort of the driver can be
suppressed effectively.

In general, the driver is more likely to be careful and thus the steering angular
velocity and/or the steering angular acceleration of the steering member 10 are more
unlikely to increase excessively during the performance of the turning operation than
during the performance of the returning operation. Considering such unlikelihood, in

the target position correction control, the steering controller 15 prohibits the correction
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of the target position T1 of the rack 26 during the performance of the turning
operation. Accordingly, the responsiveness of the movement of the rack 26 to the
steering operation can be prevented from being unnecessarily deteriorated.

[0069]  Further, in the target position correction control, the steering controller 15 calculates
the correction amount C according to the steering angular acceleration a2. Ac-
cordingly, it is possible to calculate an appropriate correction amount C according to a
change in the steering angular velocity w of the steering member 10.

[0070] Further, the steering controller 15 calculates the correction amount C such that the
correction amount C increases as the steering angular acceleration a2 increases. Thus,
the correction amount C increases as the quickness of the steering operation increases,
so that the delay in the movement of the rack 26 can also increase. Accordingly, it is
possible to surely prevent the front wheels 3 from being rapidly steered immediately
after the quick steering operation, so that the discomfort of the driver can be
suppressed effectively.

[0071] By the way, if the correction amount C increases indefinitely, the delay in the
movement of the rack 26 may become excessively large, and it may become im-
possible to determine whether the delay in the movement of the rack 26 is caused by
the target position correction control or an abnormality of the steering system 1. As
such, the steering controller 15 limits the correction amount C to the upper limit Lim or
less. Thus, it can be easily determined that the steering system 1 is abnormal as soon as
the correction amount C exceeds the upper limit Lim. Accordingly, it is unnecessary to
require excessively high reliability of the components (sensors, or the like) of the
steering system 1.

[0072]  Further, the steering controller 15 is configured to set the upper limit Lim based on
the steering direction Dr, the steering angle 0, and the vehicle speed V. Accordingly,
the upper limit Lim can be set to an appropriate value according to the traveling state
of the vehicle 2.

[0073]  Further, the steering controller 15 is configured to switch between the non-execution
mode in which the steering controller 15 does not execute the target position correction
control and the execution mode in which the steering controller 15 executes the target
position correction control. Thus, it is possible to determine whether to execute the
target position correction control depending on the preference of the driver, the
traveling state of the vehicle 2, or the like. Accordingly, the convenience of the
steering system 1 is improved.

[0074] (Modified embodiment)

In the above embodiment, the correction amount calculating unit 46 calculates the
correction amount C by referring to the correction amount calculation map. On the

other hand, in another embodiment, the correction amount calculating unit 46 may run
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[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

a simulation by using a steering model and calculate the correction amount C based on
the result of this simulation.

Figure 10 shows an example of the steering model used in the above simulation. This
steering model is set based on Electric Power Steering (EPS). This steering model
includes a steering wheel 51, a steering shaft 52 connected to the steering wheel 51, a
pinion 53 connected to the steering shaft 52, and a rack 54 engaging with the pinion
53.

In the steering model shown in Figure 10, the following equation (1) is satisfied.
16,=—F+D0,+K (6, —8,)+K,0, - (1)

0,: angle of the steering shaft 52

0,: angle of the pinion 53

I: moment of inertia of the rack 54

F: frictional resistance

D: damping coefficient

K: equivalent spring constant of the steering shaft 52

K,: equivalent spring constant between the rack 54 and the road surface

By using the steering model as described above, the parameters (for example, I, F, D,
K, and Ky) of the above equation (1) can be varied according to the shape, size,
traveling state, or the like of the vehicle 2, and thus an optimum correction amount C
can be determined.

In the above embodiment, the correction amount calculating unit 46 calculates the
correction amount C based on the steering angular acceleration 2. On the other hand,
in another embodiment, the correction amount calculating unit 46 may calculate the
correction amount C based on the steering angular velocity , or may calculate the
correction amount C based on both the steering angular acceleration a2 and the
steering angular velocity .

In the above embodiment, the target position correcting unit 48 corrects the target
position T1 by adding the correction amount C to the target position T1. On the other
hand, in another embodiment, the target position correcting unit 48 may correct the
target position T1 by multiplying the target position T1 by a correction ratio.

In the above embodiment, the target position correcting unit 48 corrects the target
position T1 immediately after the start of the returning operation. On the other hand, in
another embodiment, the target position correcting unit 48 may correct the target
position T1 not only immediately after the start of the returning operation but also im-
mediately after the start of the turning operation. Further, in still another embodiment,
the target position correcting unit 48 may correct the target position T1 immediately

before the end of the returning operation and/or the turning operation. In this way, the
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[0081]

[0082]

[0083]

[0084]

target position correcting unit 48 may correct the target position T1 at any timing.
In the above embodiment, the steering controller 15 is configured to switch between

the non-execution mode in which the steering controller 15 does not execute the target
position correction control in response to the steering operation and the execution
mode in which the steering controller 15 executes the target position correction control
in response to the steering operation. On the other hand, in another embodiment, the
steering controller 15 may be configured to execute the target position correction
control in response to every steering operation. Accordingly, since the front wheels 3
can be surely prevented from being rapidly steered immediately after the quick steering
operation, so that the discomfort of the driver can be suppressed more surely.

In the above embodiment, the rack position sensor 33 is configured to directly detect
the rack position. On the other hand, in another embodiment, the rack position sensor
33 may indirectly detect the rack position based on the turning angle of the front
wheels 3 or based on the lateral acceleration applied to the vehicle 2.

Concrete embodiments of the present invention have been described in the foregoing,
but the present invention should not be limited by the foregoing embodiments and
various modifications and alterations are possible within the scope of the present
invention.

Reference Signs List

1: steering system

2: vehicle

3: front wheels (an example of wheels)

10: steering member

11: steering mechanism

12: steering actuator

15: steering controller (an example of a controller)

26: rack

32: steering angle sensor

33: rack position sensor
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Claims

A steering system for a vehicle, comprising:

a steering member configured to receive a steering operation;

a steering angle sensor configured to detect a steering angle of the
steering member;

a steering mechanism mechanically separated from the steering
member and configured to steer wheels by moving a rack;

a steering actuator configured to apply a driving force to the steering
mechanism;

a rack position sensor configured to detect a position of the rack; and

a controller configured to calculate a target position of the rack based
on the steering angle of the steering member and to control the steering
actuator such that the position of the rack detected by the rack position
sensor matches the target position of the rack,

wherein the controller is configured to execute target position
correction control in which the controller corrects the target position of
the rack according to a steering angular velocity and/or a steering
angular acceleration of the steering member to delay a movement of the
rack in response to a change in the steering angle of the steering
member.

The steering system for the vehicle according to claim 1, wherein in the
target position correction control, the controller corrects the target
position of the rack immediately after a start of the steering operation in
a prescribed direction.

The steering system for the vehicle according to claim 2, wherein the
steering operation includes a turning operation as an operation in a
direction away from a prescribed neutral position and a returning
operation as an operation in a direction of the neutral position, and

in the target position correction control, the controller corrects the
target position of the rack immediately after a start of the returning
operation.

The steering system for the vehicle according to claim 3, wherein in the
target position correction control, the controller prohibits correction of
the target position of the rack during performance of the turning
operation.

The steering system for the vehicle according to any one of claims 1 to

4, wherein in the target position correction control, the controller
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]
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calculates the target position of the rack according to the steering angle
of the steering member, calculates a correction amount of the target
position of the rack according to the steering angular acceleration of the
steering member, and corrects the target position of the rack by adding
the correction amount to the target position of the rack.

The steering system for the vehicle according to claim 5, wherein the
controller calculates the correction amount such that the correction
amount increases as the steering angular acceleration of the steering
member increases.

The steering system for the vehicle according to claim 6, wherein the
controller limits the correction amount to a prescribed upper limit or
less.

The steering system for the vehicle according to claim 7, wherein the
steering member is configured to be steered in a direction away from a
prescribed neutral position or in a direction of the neutral position, and
the controller is configured to set the upper limit based on a steering
direction of the steering member, the steering angle of the steering
member, and a vehicle speed.

The steering system for the vehicle according to any one of claims 1 to
8, wherein the controller is configured to switch between a non-
execution mode in which the controller does not execute the target
position correction control in response to the steering operation and an
execution mode in which the controller executes the target position
correction control in response to the steering operation.

The steering system for the vehicle according to any one of claims 1 to
8, wherein the controller is configured to execute the target position

correction control in response to every steering operation.
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[Fig. 3]
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[Fig. 9]
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